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® Wire electric discharge machining method for machining entrance lines and apparatus therefor. 



® A machining nDethod and apparatus for avoiding 
the double machining by a wire electrode (1) of the 
same point on the desired contour of a workpiece 
(2), particularly the point where a predetermined 
entrance line intersects with the desired contour. The 
predetermined entrance line locus is automatically 
modified on the basis of the parameters of the 
workpiece (2) and electrode (1) such that at least a 
portion of the modified entrance tine locus intersects 
the desired contour at an obtuse angle or a tangent, 
that portion of the modified locus being a curve or a 
straight line. The return locus from the desired con- 
tour to the entrance line also may be modified in 
addition or instead of the entrance line. The elec- 
trical parameters of the machining may further be 
monitored and modified in order to avoid intrusions 
of the desired contour. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This Invention relates to a wire electric dis- 
charge machining method for machining an en- 
trance line to accurately intersect with a desired 
contour shape and an apparatus therefor. 

2. Description of the Background Art 

Fig. 4 is a block diagram showing a conven- 
tional wire electric discharge machining apparatus. 
In Rg. 4. reference numeral 1 denotes a wire 
electrode. 2 a workpiece to be machined in a 
programmed arbitrary shape by the wire electrode 

1, 3 machining solution supply nozzles. 4 an arm 
for securing the upper machining solution supply 
nozzle 3, 5 an arm for securing the lower machin- 
ing solution supply nozzle 3. 6 a pulley for altering 
the advancing direction of the wire electrode 1 7 a 
machining solution tank. 8 a machining power 
source. 9 a table feed control unit for controlling 
the movement of a table for holding the workpiece 

2. 10 a machining solution control unit. 11 a CPU 
for controlling the power source 8. the table feed 
control 9 and the machining solution control unit 
10, and. finally. 12 a memory. 

Fig. 5 shows a programmed machining route 
in which a solid line indicates an already machined 
portion, and a broken line indicates a portion to be 
machined. Instructions for controlling the sequential 
movement of the workpiece 2 with respect to the 
electrode 1, often as a series of linear and/or 
curved loci, are stored in memory and retrieved to 
control the machining operation. Rg. 6 is an en- 
larged view of a portion A of Rg. 5. 

In the operation of the conventional wire elec- 
tric discharge machining apparatus, the wire elec- 
trode 1 and the workpiece 2 are opposed at a 
predetermined gap. and the wire electrode 1 Is fed 
from a position above to a position below the 
workpiece 2. An electric discharge is produced in 
the gap between the wire electrode 1 and the 
workpiece 2 by electric energy supplied from the 
power source 8. through the machining solutions 
that are supplied from the upper and lower machin- 
ing solution supply nozzles 3. The workpiece 2 is 
machined in a predetermined sequence to have an 
arbitrary shape, as shown in Rg. 5. based on 
instructions stored beforehand In the memory 12 
The machining solutions are controlled to have 
desired machining solution parameters {e.g., pres- 
sure) by the machining solution control unit Vo. and 
are supplied from the machining solution tank 7 to 
a location between the wire electrode 1 and the 
workpiece 2 from the upper and lower machining 
solution supply nozzles 3. As shown in Rg. 5, the 



shape programmed in advance is formed by con- 
trolling movement of the machining table, to which 
the workpiece 2 is secured, by the table feed 
control unit 9. The CPU 11 generally controls the 
5 power source 8. the table feed control unit 9 and 
the machining solution control unit 10. 

With reference to Rg. 5. assume that the ma- 
chining of a contoured hole having the shape of a 
square in a solid wori^piece 2 is desired. Rrst a 
10 starting hole at point PI in the portion of the 
workpiece 2 to be removed is formed by drilling or 
the like and the wire electrode 1 is threaded 
through the hole Pi for attachment between noz- 
zles 3. Then, the wire electrode 1 is conveyed from 
IS a spool above the workpiece 2 for collection at a 
location below the workpiece. Machining solutions 
are supplied by machining solution control unit 10 
from the machining solution tank 7 via the nozzles 
3 to a location between the wire electrode 1 and 
20 the workpiece 2. Initially, the solution is supplied to 
the starting hole PI, the point where machining will 
begin. Then, electric energy is supplied from the 
power source 8 to start machining. 

In accordance with a first machining instruction. 
25 the wire electrode is advanced from the starting 
hole along a predetermined machining entrance 
line (PI - P2). The entrance line intersects with, 
and in the example forms a 90° angle with, the 
desired contour machining line between points P2 
30 and P3. Then, in accordance with a second ma- 
chining instruction, at point P2. the path of the 
electrode is changed and the workpiece 2 is con- 
tinuously machined from the point P2 to a point P3. 
The machining proceeds to completion In response 
35 to a further series of instructions that returns the 
machining along line LI . 

Since the line from the point PI to the point P2 
is only the entrance line, the point P2 actually Is 
the starting point for machining the desired contour 
40 shape using the wire electric discharge machining 
apparatus. As the machining is continued accord- 
ing to the predetermined program, the hole is 
formed in a desired contour shape. As machining 
of the contour shape nears completion, the machin- 
es ing path returns along line LI to the point P2. At 
point P2, the machining of the contour shape is 
completed, and the machining Is considered fin- 
ished, or the machining is further continued and a 
secondary machining is executed. 
50 Clearly, the point P2 is both the contour shape 

starting point and the contour shape finishing point. 
Accordingly, the same point is machined twice. If 
the same point is machined twice under the same 
electric conditions, when the electric energy is sup- 
55 plied from the power source 8 to a point which 
already has been once machined, an electric dis- 
charge again occurs at the same point. However, 
the electric discharge gap due to the electric dls- 
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charge Is different from the gap that exists at a 
point which is machined only once. As a result, the 
point P2 is excessively machined and the work- 
piece 2 will have a defect at that point. 

Since the conventional wire electric discharge 
machining apparatus is constructed and machined 
as described above, the point P2 on the machining 
line that is machined twice will be different from the 
point P3 which is machined only once. Specifically, 
the machined shape of the workpiece will be in- 
truded at the point P2. 

The present invention contemplates to solve 
the above-described problem and has as an object 
the provision of a wire electric discharge machining 
method and an apparatus therefor which can im- 
prove the machining accuracy of a workpiece with- 
out intrusion of a machining shape of the work- 
piece. 

SUMMARY OF THE INVENTION 

The present invention is a method and appara- 
tus for modifying the control parameters of a pre- 
determined wire cut machining program In accor- 
dance with the electrode and workpiece param- 
eters, so that the generation of an Intrusion in the 
workpiece is avoided when the same point is 
machined twice. 

More specifically, the invention is a method 
and apparatus for modifying the parameters defin- 
ing a machining along a predetermined entrance 
line to Its intersection with a desired contour shape 
machining so that an intrusion is not formed when 
the same point is machined twice. 

In particular, the parameters defining locus of 
travel of the machining along the entrance line are 
modified so that the machining departs from the 
original entrance line locus and intersects the de- 
sired contour shape at an obtuse angle or a tan- 
gent. Preferably, the modified machining will depart 
from the original entrance line locus and then cross 
that locus before intersecting the desired contour 
shape at an obtuse angle or tangent and beginning 
the machining of the desired contour shape. The 
parameters defining the locus of travel of the ma- 
chining, as the desired contour shape 1$ completed 
and the machining approaches the entrance line, 
also are changed so that the machining departs 
from the desired contour shape and crosses the 
original entrance line at a point displaced from the 
Intersection of the original entrance line and the 
contour shape. The changed parameters can define 
travel along a straight or curved locus. 

Finally, the parameters defining the power pro- 
vided to the machining electrode can be modified 
as the electrode nears the point of intersection 
between the entrance line and the desired contour 
shape, so that intrusion due to over machining can 



be minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 Is a schematic view for explaining a wire 

electric discharge machining method according to 
an embodiment of the present invention. 

Fig. 2 is a block diagram of an apparatus 
according to the present invention. 
10 Fig. 3 is a flow chart of a machining method 

according to an embodiment of the invention. 

Fig. 4 is a block diagram of a conventional wire 
electric discharge machining apparatus. 

Fig. 5 Is a schematic view showing the moving 
75 line of a wire electrode according to the conven- 
tional wire electric discharge machining method. 
Fig. 6 is an enlarged view of a portion A of Rg. 

5. 

20 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The embodiments of the present invention will 
be described with reference to accompanying 

25 drawings. 

Fig. 1 is an illustration for explaining an em- 
bodiment of a wire electric discharge machining 
method of this invention. In Fig. 1, PI denotes a 
machining starting point at the beginning of a 

30 preprogrammed entrance line that will intersect 
with a desired contour shape having at least points 
P2, P3 and P40. The electrode will move from 
point P1 along a path that includes points on a 
machining line for the workpiece to be machined. 

35 The actual machining path is identified by a solid 
line and the broken line denotes a portion of the 
relevant geometry which is not considered a part of 
the actual machining route. For example, points 
P300 and P400 denote the centers of circles each 

40 having a radius R and defining a respective circum- 
ference CIO and C20. Each circumference com- 
prises arc-shaped machining lines having points 
P30. PI 00 and P20 as well as points P4, PI 00 and 
P200, respectively, and are tangential to the de- 

45 sired contour line. The machining from the starting 
point P1 departs from the preprogrammed entrance 
line P1-P2 and, beginning at point P4. follows a 
locus that crosses the original entrance line at 
P100 before intersecting with the desired contour 

50 shape at point P200. Similarly the machining of the 
desired contour shape departs from the preprog- 
rammed locus prior to reaching point P2 and fol- 
lows a modified return path that intersects with the 
original entrance line at point P100, a distance from 

55 point P2. The amount of departure from the original 
entrance line and the location of the intersection 
point PI, and/or the modified return path may 
depend on the electrode size, power, workpiece 
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material, etc. and may be stored in look up tables 
for access by a control unit. 

Fig. 2 is a block diagram showing an embodi- 
ment of a wire electric discharge machining ap- 
paratus of the present invention. In Rg. 2. the same s 
reference numerals as those in Fig. 4 denote the 
same or equivalent components. In Fig. 2, refer- 
ence numeral 13 denotes program automatic con- 
verting unit for automatically altering or converting 
the program for a predetermined machining line to 
that has been defined in advance and stored In a 
memory 12. Furthermore, the automatic converting 
unit may be operative to automatically change the 
electrical parameters of the machining operation so 
that an overcut can be prevented. The adjustment 15 
of the machining line and electrical parameters can 
be made separately or in combination to achieve a 
desired result. By detecting the voltage between 
the electrode and workpiece by means that are 
well known In the art and are not illustrated, electric 20 
conditions can be changeably controlled. 

Fig. 3 is a flow chart for explaining the machin- 
ing method according to this invention. 

The machining method according to this em- 
bodiment will be described with reference to the 25 
flow chart of Rg. 3. Initially (Step S-11) operational 
parameters, such as the diameter of the wire elec- 
trode 1 to be used as well as the material and 
thickness of the workpiece 2, are registered in the 
memory 12. In addition, the deviation of the ma- 30 
chining from the predetermined entrance line and 
the intersection point of the machining with the 
entrance line at point PI 00 can be predetermined 
in a look-up table, for given combinations of param- 
eters related to the current electrode, workpiece 35 
and applied power. In the example given, a portion 
of the entrance machining will follow the arc of a 
circle, but other geometric paths may be chosen 
which result in the entrance line intersecting the 
desired contour at approximately an obtuse 40 
(greater than 90°) angle. As to the illustrated circle 
m Rgure 1. the radius R of an optimum circle and 
the distance between the central points of the two 
circles (the distance between P300 and P400) may 
be predetermined such that the intrusion becomes 4S 
minimum. At Step S-12. the desired number of 
machinings also is registered in memory 12. 

At step S-13. the parameters registered in the 
memory 12 (such as the diameter of the wire 
electrode 1 , the power level, the material and thick- 50 
ness of the workpiece 2. the number of machin- 
ings. the radius R of the circles and the distance 
between the central points of the two circles) are 
used to calculate the optimum diameter of the 
entrance machining circles and the central points 55 
between the two entrance machining circles. The 
calculated radius and central point parameters may 
be retrieved at step S-14 and an image of the 



machining locus may be displayed on a display 
(not shown). 

The radius R of the circle and the distance 
between the central points of the two circles are 
confirmed (Step S-15). If the operator decides that 
there is need for an alteration, a correction may be 
made at this time using operator-selected numeri- 
cal values (Step S-16). After the correction, the 
machining program in memory 12 for the original 
predetermined entrance line is automatically al- 
tered (step S-17). In this regard, the program con- 
verting unit 13 in CPU 11 will consider the speci- 
fied entrance machining parameters, comprising ra- 
dius R of the circles and the distance between the 
central points of the two circles in the illustrated 
example, and modify the program that is registered 
in the memory 12. 

Finally, the power source 8 is turned ON by 
the altered program through the CPU to start ma- 
chining at Step S-18. Each time the shape machin- 
ing of the predetermined machining line is finished, 
a judgment is made as to whether or not the 
workpiece has been machined for the number of 
machinings registered in the memory 12 at step S- 
19). As a result, the workpiece is machined a 
registered predetermined number of times while 
altering the machining conditions to complete the 
shape machining. 

The automatic conversion of the original pro- 
gram by the program converting unit 13 may be 
described with respect to the machining of the 
shape illustrated in Rg. 5. Rrst. assume that an 
original program for a desired contour (the square 
hole of Rg. 5) specifies the machining of an en- 
trance line (PI . P2) that is perpendicular to a 
machined line (Li) on that desired contour. The 
program converting unit determines, on the basis 
of the predefined machining parameters for the 
electrode 1 and woricpiece 2, the optimum inter- 
secting points of the wire electrode 1 with line Li . 
These points are offset from the original intersect- 
ing point P2, Accordingly, the machining must de- 
viate from the original entrance line in order to 
reach those points, thereby avoiding a double ma- 
chining at point P2. In the example, the intersection 
will occur at the intersecting points P200 and P30. 
These points are located equidistant from origlnai 
starting point P2. The intersecting points may be 
provided according to the radius R of two circles 
and the distance between the central points of the 
two circles, which are set according to parameters 
such as the diameter of the wire electrode 1. the 
material and thickness of the wori<piece 2 and the 
number of machinings. The points P300 and P400 
are located at a distance from the corresponding 
points P200 and P30 equal to the radius R of the 
circle and in a direction toward the machining start- 
ing point Pi. Circles C20 and CIO are defined 
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using the points P300 and P400 as their centers. 
Then, tangential lines which extend from PI and 
contact the circumferences of the circles C20 and 
C10 are assumed, and contact points P4 and P20 
of the tangential line with the circles are provided. 
The originally programmed entrance line is modi- 
fied to define a new entrance machining line for the 
wire electrode 1 using these points. The new en- 
trance line data is transferred to the memory 12 
through the CPU 11 . In a similar fashion, the return 
line from the desired contour to the original en- 
trance line may be determined. Either or both of 
the modified entrance line and return line can be 
used to avoid double machining of the workpiece 
on the desired contour. 

The machining line of the wire electrode 1 by 
the automatically altered program will proceed as 
illustrated by the solid line in Fig. 1. Electric energy 
is supplied from the power source 8 to the wire 
electrode 1 to start machining of the workpiece 2 
from the point P1. The wire electrode 1 Is moved 
along a straight machining line extending from 
point PI to point P4. Thereafter, the electrode is 
moved along a path which follows the circum- 
ference of circle C20 and crosses the original en- 
trance line locus, and proceeds to intersect the 
desired machining profile at an obtuse angle 
(approximately 1800') at the point P200. Finally, 
the electrode is moved according to the original 
program." As the machining of the desired contour 
along the original machining line based on the 
program is concluded, it is linearly moved from the 
P40 to the point P30. At point P30. the altered 
parameters are engaged and the electrode is 
moved to the point P100, which is an intersection 
with the original entrance line locus, along the 
circumference of the circle CIO to point P20. and 
then is linearly moved from the point P20 to the 
point PI . 

When it is moved from the point PI to the 
point P4, or from the point P20 to the point PI, a 
correction amount for producing a machining size 
is input or removed. Since the machining line of 
the wire electrode 1 described above is provided, 
the wire electrode 1 does not follow a linear portion 
indicated by broken lines in Fig. 1 between the 
point P200 and the point P30. But, since electric 
energy is supplied from the power source 8 be- 
tween the wire electrode 1 and the workpiece 2, an 
electric discharge is generated in an electric dis- 
charge gap formed between the wire electrode 1 
and the workpiece 2. As a result, the portion in- 
dicated by a shaded part is machined and re- 
moved. 

In the embodiment described above, the en- 
trance line is provided to start an approach to the 
linear portion of a desired machining contour. A 
similar machining method may also be applied to 



define a modified entrance line for approaching a 
desired machining contour in the shape of a curve, 
such as a parabola, circle, ellipse or the like. 

The same effects can be provided by forming 

6 a modified entrance machining line using a straight 
line, ellipse, parabola or the like in place of the 
circle, as the machining locus that engages the 
desired machining contour at an obtuse angle. 
Specifically, while the invention has been described 

10 with respect to an altered machining path that 
follows the arcs of circles CIO and C20, it should 
be clear that the path from points P4 to P200 or 
points P30 to P20 can be linear, some other curve, 
or even a stepped approximation of a curve. Of 

75 importance Is that there wilt be a modification of 
the original machining path In order to avoid ma- 
chining the same point twice during a single ma- 
chining operation. 

In Fig. 2, at least the CPU 11, the memory 12 

20 and the program automatic converting means 13 
may form a part of an unit. 

According to the method and the apparatus of 
the present invention as described above, the 
same point Is not machined twice on the machining 

25 line, and the machining line is automatically altered 
to permit a continuous machining operation. There- 
fore, the intrusion of the machining shape into the 
workpiece is eliminated and the workpiece is 
machined with high accuracy. 

30 The entire disclosure of each and every foreign 

patent application from which the benefit of foreign 
priority has been claimed in the present application 
Is incorporated herein by reference, as if fully set 
forth. 

35 Although this invention has been described in 

at least one preferred form with a certain degree of 
particularity, it is to be understood that the present 
disclosure of the preferred embodiments has been 
made only by way of example and that numerous 

40 changes in the details and arrangement of compo- 
nents may be made without departing from the 
spirit and scope of the invention as hereinafter 
claimed. 

45 Claims 

1. A wire electric discharge machining method for 
electric discharge-machining a workpiece 
along a predetermined programmed path com- 

50 prising a predetermined contour and an en- 

trance line from a starting position to a pre- 
determined Intersection with said predeter- 
mined contour comprising the steps of oppos- 
ing a wire electrode and the workpiece at a 

55 predetermined gap, relatively moving said wire 

electrode and said workpiece and applying a 
voltage to said wire electrode and said work- 
piece, said wire electrode and said workpiece 
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being relatively moved to machine along said 
predetermined program path on said work- 
piece, the improvement comprising: 

modifying at least a portion of said pre- 
determined program path to machine a modi- 
fied entrance line that Intersects said predeter- 
mined contour at a modified intersection point 
that Is offset from said predetermined Intersec- 
tion point. 

2. A wire electric discharge machining method 
according to claim 1 , wherein a portion of the 
machining entrance line from the machining 
starting position of said workpiece to said pre- 
determined contour and a portion of the ma- 
chining line from said predetermined contour 
to said entrance line comprise curves. 

a A wire electric discharge machining method 
according to claim 2. wherein at least one of 
said curves comprises the arc of a circle. 

4. A wire electric discharge machining method 
according to claim 1, wherein the machining 
locus of the entrance line to the predetermined 
machining line and the machining locus from 
the predetermined machining line to the en- 
trance line are altered in response to at least 
one of the diameter of said wire electrode, the 
material and thickness of said workpiece. and 
the number of machinings of the workpiece. 

5. A wire electric discharge machining method 
according to claim 1, wherein the modified 
entrance line Intersects said predetermined 
contour at said modified Intersection point at 
one of an obtuse angle and a tangent 

B. A wire electric discharge machining method 
according to claim 4. further comprising modi- 
fying said voltage during the machining of at 
least part of said altered machining locus. 

^ A wire electric discharge machining method 
according to claim 4, wherein said altering is 
performed automatically. 

L A wire electric discharge machining apparatus 
comprising moving means for relatively moving 
a wire electrode and a workpiece at a pre- 
determined interval, a power source for apply- 
ing a voltage between said wire electrode and 
said workpiece. control means for program- 
mably controlling said moving means to ma- 
chine said workpiece along a predetermined 
machining line from a machining starting posi- 
tion along an entrance line to a predetermined 
intersection with a desired machining contour 
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and from said desired machining contour to an 
intersection with said entrance line, the im- 
provement comprising: 

a program automatic converting means for 
modifying at least one of the predetermined 
machining line from said machining starting 
position through the entrance line to a modified 
Intersection point with the desired machining 
contour and the machining line from the de- 
sired machining contour to the entrance line. 

The wire electrode discharge machining ap- 
paratus of claim 8, wherein said program auto- 
matic converting means comprises means for 
modifying the machining electrical parameters 
during at least a portion of said modified ma- 
chining line. 



10. The wire electrode discharge machining ap- 
paratus of claim 9, further comprising means 
for detecting the electrical parameters between 
the workpiece and the wire electrode. 



9. 
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Fig. 3 
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® A machining method and apparatus for avoiding 
the double machining by a wire electrode (1) of the 
same point on the desired contour of a workpiece 
(2), particularly the point where a predetermined 
entrance line intersects with the desired contour. The 
predetermined entrance line locus is automatically 
modified on the basis of the parameters of the 
workpiece (2) and electrode (1) such that at least a 
portion of the modified entrance line locus intersects 
the desired contour at an obtuse angle or a tangent, 
that portion of the modified locus being a curve or a 
straight line. The return locus from the desired con- 
tour to the entrance line also may be modified in 
addition or instead of the entrance line. The elec- 
trical parameters of the machining may further be 
monitored and modified in order to avoid Intrusions 
of the desired contour. 
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